The inhibition of the corrosion of mild steel in 0.1 M H 2 SO 4 by 3-nitrobenzoic acid was studied using weight loss, electrochemical impedance spectroscopy (EIS), linear polarization resistant, potentiodynamic polarization, scanning electron microscopy, Fourier transformed infra-red spectroscopy and quantum chemical techniques. The results obtained indicated that 3-nitrobenzoic acid inhibited the corrosion of mild steel in solution of H 2 SO 4 . Maximum inhibition efficiency obtained from weight loss, potentiodynamic, linear polarization and EIS methods were 87.15, 90.51, 95.42 and 99.40% at inhibitor's concentration of 0.01 M respectfully. The activation energies (which ranged from 26.02 to 59.02 J/mol) supported the mechanism of charge transfer from charged inhibitor to charged metal surface, which favours the mechanism of physical adsorption. The adsorption of the inhibitor was found to be exothermic and spontaneous. Although the adsorption characteristics of the inhibitor fitted the Langmuir adsorption model, the deviation of slope values from unity was explained by the existent of positive interaction parameters (attractive behaviour of the inhibitor's molecules) according to the Frumkin model. 3-nitrobenzoic acid is dominantly a cathodic-type inhibitor and prevented the corrosion of mild steel by blocking the metal's surface. Calculated values of the frontier molecular orbital energies and other semi-empirical parameters were in good agreement with
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PUBLIC INTEREST STATEMENT
Corrosion affect attack and destroy a lot of valuable materials, especially metals. Metals corrode when they are exposed to acidic, basic or salty environment. If not control (through inhibition or other means), corrosion of metals is a chain process indicting that it cannot be stopped until the metal is completely wasted. In this work, the corrosion inhibition potential of 3-nitrobenzoic acid was carried out using different experimental methods including, weight loss, electrochemical impedance spectroscopy (EIS), linear polarization resistant (LPR), potentiodynamic polarization (PDP), scanning electron microscopy (SEM), Fourier transformed infra-red spectroscopy (FTIR) and quantum chemical techniques. The results obtained from these experiments strongly revealed that 3-nitrobenzoic acid can be used to effectively control corrosion of mild steel in H 2 SO 4 medium.
Introduction
Metals are valuable components of almost all industrial installations and the cost of their installation is very expensive, indicating that they should have considerably long life span. However, their life span is often shortened by corrosion. Corrosion is an electrochemical process that returns metals to their natural states through interactions with some aggressive media (Karthikaisel & Subhashini, 2014) .
Some of the options that are available for preventing metals against corrosion are painting, anodic/cathodic protection, electroplating and the use of corrosion inhibitors (Shukla & Ebenso, 2011) . The use of corrosion inhibitors is widely acceptable as one of the most efficient method of corrosion protection. It has also been found that the inhibition efficiencies of most corrosion inhibitors are strongly dependent on some molecular and electronic parameters of the inhibitors (Eddy, MomohYahaya, & Oguzie, 2015) . Due to environmental requirement, trend in the choice of corrosion inhibitors, in recent times, has been directed towards the use of inhibitors that are less toxic, less expensive, biodegradable and environmental friendly (Kamal & Sethuraman, 2012; Umoren, Ogbobe, Okafor, & Ebenso, 2007; Yaro, Khadom, & Wael, 2014) .
In view of the need to investigate and discover more green corrosion inhibitors, the present study is aimed at investigating the corrosion inhibition properties of 3-nitrobenzoic acid for mild steel in 0.1 M H 2 SO 4 . 3-nitrobenzoic acid is a derivative of benzoic acid, a carboxylic acid that occurs naturally in many plants and it serves as an intermediate in the biosynthesis of many secondary metabolites salts. Benzoic acid and some of its derivatives are used as food preservatives and it is an important precursor for the industrial synthesis of many other organic substances. The chemical structure of 3-nitrobenzoic acid is shown in Figure 1 .
Although literature on the use of 3-nitrobenzoic acid as corrosion inhibitor is relatively scanty, Dinnappa and Mayanna (1981) have reported the corrosion inhibition properties of benzoic acid, toluic acid, p-nitrobenzoic acid, phthalic acid and tetephthalic acid. They found that these compounds are effective inhibitors for the corrosion of copper in HClO 4 solution. The inhibition efficiencies of these compounds were also found to depend on temperature and concentration. Sibel (2002) , also found that benzoic acid is an effective inhibitor for the corrosion of iron and aluminium in chloride solution. The studied inhibitor was reportedly found to be sensitive to temperature and functioned through the mechanism of physical adsorption. Some benzoic acids derivatives and related compounds have also been tested and found to be good corrosion inhibitors for mild steel and other metals. As far back as 1995, corrosion inhibition properties of hexamethyleneimine nitrobenzoate (Dorfman, 1995) , carboxylate and sulphated carboxylates (Podobaev & Larionov, 1995) were investigated and they were reported to be corrosion inhibitors. Quraishi and Jamal (2002) also found that some volatile nitrobenzoic acid compounds are good corrosion inhibitors for steel. In spite of all these studies, literature is unavailable on the corrosion inhibition efficiency of 3-nitrobenzoic acid as a corrosion inhibitor for mild steel in H 2 SO 4 . It has long been established that corrosion inhibition efficiencies of inhibitors depends on numerous properties including electronic/molecular properties of the inhibitor, substituent's constant, type of aggressive medium and metals, among others. In this work, gravimetric method, linear polarization resistant (LPR), potentiodynamic polarization (PDP) and electrochemical impedance spectroscopy (EIS) methods shall be used for the investigation of the inhibition efficiency of 3-nitrobenzoic acid. Scanning electron microscopy (SEM) shall be used to study the surface morphology of the metal before and after inhibition while Fourier transformed infra red spectrophotometer (FTIR) shall be used to study the functional group associated with the adsorption of the inhibitor on the surface of the metal. Finally, quantum chemical approaches shall be used to examine the local and global selectivity behaviour of the molecule towards corrosion inhibition.
Materials and methods
The mild steel sheet used in the study had the following chemical composition, Mn (0.60%), P (0.36%), C (0.15%), Si (0.03%) and Fe (98.86%). The metal was degreased by washing with absolute ethanol, rinsed in acetone and allowed to dry in the air. Gravimetric experiments were carried out at 303, 313, 323 and 333 K.
Containing various concentrations of 3-nitrobenzoic acid contained (solution of 0.1 M H 2 SO 4 without 3-benzoic acid was maintained as the blank).
Gravimetric method
In the gravimetric experiment, mild steel coupon was immersed in a 250 ml beakers, containing 200 ml of the test solution, (0.002-0.01 M of the inhibitor in 0.1 M H 2 SO 4 , respectively). The beaker was covered with aluminium foil and allowed to stand for 168 h. After 24 h of immersion, each coupon was withdrawn from the solution and washed with distilled water containing 50% of zinc dust. The washed coupon was re-weighed and re-immersed into the test solution. Weight loss measurements were taken after every 24 h of immersion for 7 days. The experiment was repeated for each of the test solutions and at different temperatures until corresponding values of weight loss were obtained after 168 h. From the results of weight loss measurements, the inhibition efficiency of 3-nitrobenzoic acid, its degree of surface coverage and the corrosion rate of mild steel were calculated using Equations (1)-(3), respectively (Ostovari, Hoseinieh, Peikari, Shadizadeh, & Hashemi, 2009), where w 1 and w 2 are the weight losses of mild steel (in grams) in the absence and presence of the inhibitor, respectively. is the degree of surface coverage of the inhibitor, CR is the corrosion rate of mild steel, A is the surface area of the mild steel coupon in cm 2 and t is the period of immersion in hours.
Electrochemical impedance spectroscopy
The electrochemical experiment was performed using a VERSASTAT 400 complete DC voltammetry for corrosion system, with V3 studio software. Test coupons with 1 cm 2 exposed areas were used as working electrode and a graphite rod served as a counter electrode. The reference electrode was the saturated calomel electrode. All experiments were undertaken in stagnant aerated solutions and at a temperature of 30 ± 1°C. The working electrode was immersed in a test solution for one hour until a stable open-circuit potential was attained. From the electrochemical measurements, the real part
was plotted on the X-axis and the imaginary part on the Y-axis of a chart to develop a Nyquist Plot. The charge transfer resistance values (R ct ) were calculated from the difference in impedance at lower and higher frequencies (Dehri, Kardas, Solmaz, & Ozcan, 2008) . The frequency at which the imaginary component of the impedance at maximum f(−Z″img) was found and the double-layer capacitance (C dl ) values was calculated using Equation (4) (Vračar & Dražić, 2002) .
The inhibition efficiency was calculated from the charge transfer resistance values using the following equation (Khadom, Yaro, Kadum, & Musa, 2009 ).
where R ct(Inh) and R ct are values of the charge transfer in the presence and absence of the inhibitor.
Potentiodynamic polarization
The potentiodynamic current-potential curves were recorded by changing the electrode potential (E corr ) automatically with a scan rate 0.33 mV/s from a low potential of −800 to −300 mV (SCE). Before each run, the working electrode was immersed in the test solution for 30 min to reach steady state. The corrosion rate of the inhibitor was calculated through corrosion current density l corr , which was obtained by extrapolating the linear Tafel segments of the anodic and cathodic curves. The inhibition efficiency (l%) was calculated using Equation (6) (Okafor & Zheng, 2009 
Linear polarization resistance
LPR measurements were carried out within the potential range, ±20 mV with respect to the opencircuit potential, and the current response was measured at a scan rate of 0.5 mV/s. The over potential and current data was plotted on a linear scale to get LPR plots, and the slope of the plots in the vicinity of the corrosion potential gave the polarization resistance (R p ). From the measured values of R p , the inhibition efficiency (I %) was calculated using Equation (7): where R p and R p(inh) are the uninhibited and inhibited polarization resistance, respectively.
SEM studies
A SEM model JSM-5600 LV, was used to analyse the morphology of the mild steel surfaces, withdrawn from 0.1 M H 2 SO 4 in the presence and absence of the inhibitor. The sample was mounted on a metal stub and sputtered with gold in order to make the sample conductive, and the images were taken at an accelerating voltage of 10 kV using different magnifications.
FTIR analysis
FTIR analysis of the 3-nitrobenzoic acid and those of the corrosion products (in the absence and presence of the inhibitor) were carried out using Scimadzu FTIR-8400S Fourier transform infra-red spectrophotometer. The sample was prepared in KBr and the analysis was carried out by scanning the sample through a wave number range of 400-4,000 cm
Quantum chemical calculations
Full geometric optimization of 3-nitrobenzoic acid was achieved using molecular mechanics, ab initio and DFT levels of theory in the HyperChem release 8.0software. Semi-empirical parameters were calculated using optimized structure of 3-nitrobenzoic acid as an input to the MOPAC software, while Muliken charges were calculated using HyperChem release 8.0 software. All quantum chemical calculations were carried out on gas phase.
Results and discussions

Gravimetric results
Plots presenting the variation of weight loss of mild steel (in 0.1 M H 2 SO 4 ) with time in the absence and presence of 3-nitrobenzoic acid at 303, 313, 323 and 333 K are shown in Figure 2 . The plots revealed that weight loss of mild steel in solutions of H 2 SO 4 increases with increase in the period of contact and with increasing temperature. These observations suggest that the rate of corrosion of mild steel in solutions of H 2 SO 4 increases with increase in the period of contact and with increase in temperature. It is interesting to note that weight losses of mild steel in the blank solutions were higher than those obtained for systems containing the inhibitors. Therefore, 3-nitrobenzoic acid inhibited the corrosion of mild steel in solutions of H 2 SO 4 . Also, since the rate of corrosion decreased with increase in the concentrations of the inhibitor temperature, it is evident that the inhibition efficiency of 3-nitrobenzoic acid increases with increase in concentration but decreases with increasing temperature. These trends, characterize 3-nitrobenzoic acid as an adsorption inhibitor, which functions through the mechanism of physical adsorption. Adsorption inhibitors are characterized with increase in inhibition efficiency with increasing concentration and the mechanism of physical adsorption is obeyed when the inhibition efficiency decreases with increasing temperature (Khadom et al., 2009) . Table 1 presents values of inhibition efficiency of 3-nitrobenzoic acid and corrosion rate of mild steel at various concentrations of the inhibitor at various temperatures. From the results obtained, the inhibition efficiency of 3-nitrobenzoic acid and the corrosion rate of mild steel exhibited characteristics that are similar to the information obtained from the plots. Thus while the inhibition efficiency increases with concentration and decreases with temperature, the corrosion rate decreases with concentration but decreased with increasing temperature. 
Polarization study
Under polarization study, LPR and PDP measurements were carried out. Table 2 present polarization parameters for the corrosion of mild steel in solutions of H 2 SO 4 containing various concentrations of 3-nitrobenzoic acid. Results obtained from LPR method revealed that the measured resistant for the blank was the least and that it increases with increasing temperature. This gave inhibition efficiency ranging from 70.02 (at concentration of 0.001 M) to 95.42% (at inhibitor's concentration of 0.01 M).
On the other hand, in addition to the PDP data presented in Table 2 , plots of the applied potential (E) versus log(current) for the various test solutions were developed and are presented in Figure 3 . From the results obtained, the corrosion current is seen to decrease with increasing concentration of the inhibitor and the corrosion potentials are more negative as the concentration of the inhibitor is increased. The observed trend reveals that the presence of 3-nitrobenzoic acid shifted the corrosion potential to more negative value, indicating that 3-nitrobenzene functions as a cathodic inhibitor majorly. It should be stated that when a cathodic reaction is affected, the corrosion potential is shifted to more negative value as observed in this case. The cathodic inhibitors form a barrier of insoluble precipitates over the metal, covering it and restricts the contact between the metal and the corrosive environment (even when it was completely immersed), thus retarding the rate of corrosion reaction. Also, the displacement in corrosion potentials was also found to be less than 80 mV, therefore, the mechanism of inhibition of the corrosion of mild steel in solution of H 2 SO 4 favours physical adsorption (Fouda, Mostafa, & El-Abbasy, 2010) .
Calculated values of anodic and cathodic Tafel constants (β a and β c ) vary slightly with concentration which suggests that 3-nitrobenzoic acid blocks the actives sites for cathodic and anodic reaction, thereby protecting the metal against corrosion. Also, the cathodic Tafel slope value was higher than the anodic slope values, which explain the observed shift in the corrosion potential to the cathodic side more than to the anodic arm.
Generally, there are three basic modes, through which corrosion of metals can be inhibited. These include geometric blocking through the adsorption of the inhibitor, active sites blocking by the adsorbed inhibitor and electro-catalytic effect of the inhibitor or its reaction products. From the polarization results, it can be inferred that 3-nitrobenzoic acid acted via geometric blocking effect.
Electrochemical impedance spectroscopy
The Nyquist plots for the corrosion of mild steel in 0.1 M H 2 SO 4 in the absence and presence of 3-nitrobenzoic acid are presented in Figure 4 while data obtained from EIS measurements are presented in Table 3 . The plots clearly reveal that the semi-circle loop for the blank has the least diameter and tend to increase as the concentration of the inhibitor increases. This implies that 3-nitrobenzoic acid inhibited the corrosion of mild steel in solution of H 2 SO 4 . It is also evident from the results presented in Table 3 that the charge transfer resistance (R ct ) increases with increase in the concentration of the inhibitor, suggesting the formation of an insulating/protective film by the inhibitor at the metal/solution interface. On the other hand, the observed decrease in the value of the C dl with increasing concentration (resulting in the decrease of the double layer thickness and a decrease in the dielectric constant) can be attributed to the adsorption of the 3-nitrobenzoic acid onto the metal/electrolyte interface. 
Effect of temperature
The Arrhenius equation was used to investigate the relationship between the rate of corrosion of mild steel and the activation energy, in the presence of various concentrations of 3-nitrobenzoic acid. The equation can be written as follows (Hasan & Sadek, 2014) .
where CR is the corrosion rate of mild steel, A is the pre-exponential or Arrhenius constant, R is the universal gas constant, T is the temperature and E a is the activation energy. Simplification of Equation (8) yields Equation (9).
Application of Equation (9) to the present data gave straight lines ( Figure 5 ) when values of ln(CR) were plotted against 1/T. Excellent degrees of linearity were obtained and the activation energies deduced from the plots are presented in Table 4 . The activation energies which ranged from 11.68 to 24.65 J/mol are within the range of values that favours the mechanism of physical adsorption. Interestingly, the activation energy for the blank was least and values of E a increased with increase in the concentration of the inhibitor. Therefore, the corrosion of mild steel in solution of H 2 SO 4 is retarded by 3-nitrobenzoic acid. The Arrhenius constant was found to increase with increase in concentration of the inhibitor. Although the physical meaning of the Arrhenius constant has not been fully understood, it is generally believed to be connected to the degree of orderliness of the molecules during adsorption.
Thermodynamic/adsorption considerations
The mechanism of inhibition of the corrosion of mild steel by 3-nitrobenzoic acid is found to be physical adsorption indicating that the extent of adsorption decreases with increase in temperature. A critical insight into the nature and feasibility of adsorption can be gotten through thermodynamic/adsorption parameters. Therefore the standard enthalpy and entropy changes of adsorption of 3-nitrobenzoic acid were estimated through the Transition state plots. The Transition state equation, relates the corrosion rate with these parameters according to Equation (10) (Hamdy & ElGendy, 2013) .
where N is the Avogadro's number, h is the plank constant, ΔS 0 ads is the standard entropy change of adsorption while ΔH 0 ads is the enthalpy change of adsorption. From the logarithm and rearrangement of Equation (10), Equation (11) Figure 6 . Adsorption parameters deduced from the slope of the plots are presented in Table 4 . From the results obtained, the change in entropy and enthalpy of adsorption are negative. Therefore the adsorption of 3-nitrobenzoic acid on mild steel surface is exothermic and occurs with orderliness.
The adsorption characteristics of 3-nitrobenzoic acid was investigated by fitting data for the degree of adsorption into the Langmuir, Temkin, Flory-Huggins, El Awardy et al., Frumkin, Freundlich and other adsorption isotherms. The tests revealed that the adsorption of 3-nitrobenzoic acid is best described by the Langmuir and Frumkin adsorption models. The assumptions establishing the Langmuir adsorption model can be summarized according to Equation (12) (Bammou et al., 2014) .
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where C is the concentration of the inhibitor in the bulk electrolyte, θ is the degree of surface coverage of the inhibitor and b ads is the equilibrium constant of adsorption. Figure 7 shows the Langmuir isotherm for the adsorption of 3-nitrobenzoic acid on mild steel surface. Adsorption parameters deduced from the isotherm are presented in Table 5 . Although values of R 2 (calculated from the Langmuir plots) were very close to unity, the slope values were less than unity which means that the adsorption of 3-nitrobenzoic acid on mild steel surface deviates from the ideal Langmuir model. Hence there are some interactions between the adsorbed species. In order to account for the existent of interaction between the inhibitor's molecules, the Frumkin model was considered. In the presence of molecular interaction, the Langmuir isotherm is reduced to the Frumkin isotherm, which can be expressed according to Equation (13) (Founda, Tawfik, Abdallahi, & Ahmd, 2013) .
where "a" is the molecular interaction parameter, which can be positive, negative or zero when there is attraction, repulsion and no interaction between the adsorbed molecules, respectively. Other parameters are as defined earlier. From the logarithm of Equation (13), Equation (14) is obtained. Equation (14) reveals that provided Frumkin model is obeyed, a plot of log 1− × 1 C versus θ should be linear with slope and intercept equal to 2θ and log b ads , respectively. Frumkin isotherm for the adsorption of 3-nitrobenzoic acid on the surface of mild steel is shown in Figure 8 while adsorption parameters obtained from the plots are also recorded in Table 5 . From the results obtained, it is evident that the adsorption of the inhibitor on the surface of mild steel fitted the Frumkin model excellently (R 2 values ranged from 0.9708 to 0.9967). The interaction parameters at various concentrations of the inhibitor were found to be positive and decrease with increase in temperature. Therefore the attractive behaviour of the adsorbed molecules of 3-nitrobenzoic acid vary with temperature.
Values of the equilibrium constant of adsorption calculated from the intercepts of the Langmuir and Frumkin isotherms were use for the calculation of the standard free energy changes of adsorption (ΔG 0 ads ) through according to Equation (15) (Anejjar et al., 2014) . For the Langmuir model, the ΔG 0 ads was found to range from −11.65 to 12.09 kJ/mol and from −19.04 to −25.25 kJ/mol for the Frumkin model. Classically, free energy values less negative than −40 kJ/ mol is consistent with the mechanism of physical adsorption while free energy values more negative than −40 kJ/mol are consistent with the mechanism of chemical adsorption. Therefore the adsorption of 3-nitrobenzoic acid is spontaneous and occurred through physiosorption mechanism.
Scanning electron microscopy
The SEM micrograph of mild steel in the presence and absence of the inhibitor (3-nitrobenzoic acid) are presented in Figure 9 . The micrograph reveals that the surface of the metal whose corrosion was inhibited is smoother than the surface of the metal without inhibition. This confirms that 3-nitrobenzoic acid protected the metal through the formation of a protective layer on its surface.
FTIR study
The various functional groups/assignments deduced from the FTIR spectra of 3-nitrobenzoic acid and that of the corrosion product of mild steel (in the presence of 3-nitrobenzoic acid as an inhibitor) are presented in Table 6 . A critical examination of the results presented in Table 6 reveals three major changes. These are: (1) A shift in the wave number of absorption, from the higher wave number to a lower wave number (i.e. hypsochromic shift). In this case, the intensity of the absorption band was found to decrease.
(2) Disappearance of some absorption bands of 3-nitrobenzoic acid after inhibition.
(3) Formation of new absorption band.
The extent of frequency shift can be directly correlated with the level of specific molecular interactions, such as hydrogen bonding and dipole-dipole interactions, From the results obtained, hypsochromic shifts were observed for C-O stretch, C=O stretch, N-H stretch and OH stretch. Therefore, there is interaction between the inhibitor and the surface of mild steel. Those functional groups that are missing might have been used for the formation of new bonds or for absorption of the inhibitor unto the metal surface. The missing functional groups included C-H stretch, NO 2 symmetric stretch, aromatic C-H stretch and C-O stretch while the new bonds formed were C=O stretch at 1,698 cm −1 and N≡C stretch at 2,100 cm −1 . Therefore, the adsorption of 3-nitrobenzoic acid on the surface of mild steel must have been through the delocalized nitro and the carbonyl group. Table 7 . The parameters include the frontier molecular orbital energies, the binding energy (E binding ), the core core repulsion energy (E CCR ), the dipole moment (μ), the electronic energy (E electronic ) and the total energy of the molecule (E TE ). These parameters are within the range of values reported for some efficient and excellent corrosion inhibitors (Eddy, 2010; Eddy & Ita, 2011a , 2011b Fang & Li, 2002; Khaled, 2006) . It is interesting to note that corrosion inhibition efficiency of a compound has strong relationship with the molecular and electronic parameters of a molecule. Significant differences were not found between a given parameter at various Hamiltonians indicating that the calculated electronic energies can be used for further modelling irrespective of the Hamiltonians.
Local selectivity
The local selectivity of the inhibitor was analysed using the Fukui function. Fukui or frontier function is a function that describes the electron density in a frontier orbital, as a result of a small change in the total number of electrons. The most standard definition of Fukui function is that it is the first derivative of the electronic density ρ(r) with respect to the number of electrons, N at a constant external potential (v) (Fuentealba, Pérez, & Contreras, 2000) . (17) and (18), respectively.
where ρ, q (N+1), q (N) and q (N-1) are the density of electron and the Milliken charges of the atom when it behaves as anion, neutral and as an cation. Table 8 presents values of the condensed Fukui functions for 3-nitrobenzoic acid (calculated from Equations (17) and (18)) at Ab initio and DFT levels of theory. From the results obtained, it is evident that the site for nucleophilic attack on the 3-nitrobenzoic acid is the nitro nitrogen atom (N10) while the site for electrophilic attack is in the carboxyl functional group. Results of Huckel charge calculation for the atoms in the molecule also revealed that the nitro nitrogen (N10) has the highest charge and will therefore be the site for nucleophilic attack. This finding is also supported by the HOMO and LUMO molecular orbital diagram of the inhibitor presented in Figure 10 . In the orbital diagrams, red stands for positive and blue negative. The orbital were developed at cut-off points of −11.866 and −5.331 eV for the HOMO and LUMO, respectively.
Mechanism of inhibition
It has been found that the mechanism of inhibition of mild steel corrosion by 3-nitrobenzoic acid is physical adsorption. Ordinary, one will expect the carbonyl group to be the site for nucleophilic attack because in addition to the presence of two oxygen atom, one of the oxygen atom (O9) has a lone pair of electron but it can be argue that the nitro group has a delocalized system which makes it to be more reactive than the carbonyl group. In spite of this, one cannot completely rule out the participation of the carbonyl group in the bonding especially when we refer to the FTIR of the corrosion product after inhibition. Hence, since the mechanism of physical adsorption (which supports the formation of multimolecular layer) is established for the adsorption of 3-nitrobenzoic acid on mild steel surface, it can be stated that the adsorption of the inhibitor unto the metal surface occurred dominantly through the nitro group and partly through the carbonyl group. 
